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M&Z-m P UtfJUMSli v 'J 3 5 o ±|cfig« 

e^ + v^JU • ->'J3>15 1 PUzfflUZtiTMtfLZti 
tzPM0^)^m5 2 A. 52Bt, Cilbfl)Pl^I 
;USHHE5 2A, 5 2BfiSll::Pl!0>T#lStli5 8RUPM 
CO-t#StJf5 9i^|5lt-5. f LT, m*5t£i£fl! h 7 > 

7>vX9M3$ Pg^x;H|ig{5 2BrtlZ^fiK-r^„ 
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tejiic /«g 2 ntz m 2 9ii(D x * v * ^awii 

U 

x;u$Iia * |c * * Km L fc C £ £ ft® £ -T 6 ^ -V - v Tff 

[is*« 2 ] i«Bm i mngLKmmimtm e* * > 

^ 1 ffit!t<7>^-V- V7KV^® 0 

ti«*3i 3 ] ffifatt&om 1 ^sM^xyu^o^/? 
i mmmcDmtb^m^ y gistfe^, z <t £ -r 

t. *<D*\z&%&mKnm&&mh?>VX*<Dh'l' 

-f >n t *mmwic^L/i c £ £ tmt <r *ig*n 3 

<D KM >H £ $i*tt Lfc C t Zft&tt ZtmtK 3 
[IS*JI 7 ] frSB*teS¥»*Sfii:HtBx tf* * > 

So 

[f&BJj<DPifflfc&ftBj» 

[000 1] 



[0 0 0 2] 

(DSC) % DSC^7^-l/^(Dftfe««S§S(i. 
£&y&i;f;:#>|::CCD (Charge Coupled Devices) 

fflut^o ccD$®u!)-r^/t^ccDfsi!iS]Ki*. 

X. ^-f^-XO^mii (+»V) r*E.O^a?lS (»mA) 
[0 0 0 3] X>f ^f^U^aU- sp*> 

^t^^a^ (tn^m^i/A^m^) icr. gfE^^ 

[0 0 0 4] fCT?, ±3iL^J:5^8i«<i^fflC0miIS 
SKtlt, t^<7V> (Dickson) ^-v — v^^g 

hn F.Dickson On-chip High-Voltage Generation in MN 
OS Integrated Circuits Using an Improved Voltage M 
ultiplier Technique IEEE JOURNAL OF SOLID-STATECIR 
CUITS, VOL SC-11.N0. 3 pp. 374-378 JUNE 1976. J fCi*L 

[00.05] H1 4fSCDi^^ V> • ^-V — V?K 

^•Jt&WO^mtt-fo ^-KDl-D5A<fi?iJS 
«J3?^Tt^*e Cl-C4(i^yY^~ KD1-D5(OfiS 
^lcfSS^Hfc*g^=i>^r>+*- (Coupling Capacito 
r) . C Llitt ^3 §g (Output Capacitor). CLKirCLKBI* 

CLKRl/CLKBA<A**H/c^P^^ K7^/<-. 5 2 I* 

vddA<tt^g^F^^Tl^^o ctic^y^o^^ k^y/\'— 

5 1 ^bttl^)$tl^^P^^/^;UX01, O2(0ta^fi 

*il*SK)Vddi:/d:-S 0 fit, ^7 p ^^/<;uxoiligfi 

C2, C4|Ctt$&S?tV. <7P^<7/Ol/XO 2f*^fiC 
1. C3lC«t&$*L^ 0 

[O0O6] S^ttfigicfc^r. tB*iic^m3SioutA<0S 
ti^ii^. ^^-v^>^3Sg^(7)A^m55l*. A^© 
EVin^bOm^^^P^^ K^/<-^bttl&£H$ 

^^tir^t^(Dci;dlc^^o 01= /W (High) . O 
2 = D^ (Low) (Dtoffi. \m<P<Dmi&*W<D?5falZ&* 2 

ioutco¥^m^<^*o 

[0 0 0 7] ^/i. 01 = PO (Low) , O 2= /\^ (Hig 
h) (Dm®. W<Dte&*:m<D?Dft\Z2 \out(D¥-i%n>&tf 

X\outtU^> 0 SStt6glcfclt^>^^-^^>^g(0 
^ESEVoutliJiJlTco^ ^ \z&t>£*LZ> 0 



[0 0 0 8] 

[8n] 

Vout= Vin- Vd+ u(V;-Vi-Vd) 
[0009] zzx\ v* f -KicfciNT. 

EE««t?fc4. VII*Ui*«aiout|rj:oT4i:4«E» 
T\ vinl*A*«ET?*y. a*^**l£T?l**«t 

/W7X^t-KfE (Forward bias diode voltag 
e) nli7tf>e>^fS»T*&£o Mlz. VI fcV*' 

[0 0 10] 
[ft 2] 

v lout ^ 2IoutT/2 

1 f(C+Ce) C+C. 

[0 0 1 1 ] 
[»3] 

v •= V, — — — 

[00 12] ZZX. Cl~C4li^P*;/£*S£SS(clo 
ck coupl ing capacitance) . CSIi#}£$£/ — Klcfclf 
(stray capacitance at each node). V0li 
5ay?s<)l'7><D&ffi (clock pulse amplitude) „ f 
te?P^/<;UXCD/g&&, Tli<7P^^S^ (clock p 
eriod)T?fe^ 0 ^-V— v/tf V 3fig®<D®;*l#j^fi. £p 

U Vin=Vdd£^6£JaT05tt?S£H&o 
[0 0 13] 
[ft4] 

n — VwJout _ Vout 
(n+l)VddIaut (n+l)Vdd 

[0014] c^cfe^ic. ^^-i>7\t>y^mz^x 

\t. $4 -t— K£®Kr$E&3t : ? : (charge transfer devic 

e) <t Lxmi^xmm^m^t^iztm^^z t ic* 

y»EE£ffoTl*5o LfrU ¥«(*JHIBKSB^0> 

[001 5] f:-e, 1211 9iZ7r^^o\z^ mm^m 

mi- tLX***-— KD1~D5(DW>yiCMOS 

(1 ) ClfclvT, VdliMOS h^^vX^Oggfil 
HE (threshold voltage) Vth£ 
[0 0 1 6] 

^^*«*«a[iatti=iEffl'r*ci:s«wLfc. -to>is 

a, JUT<DHIIijS*fiHJLfco 
[0017] »1|: % SMIslKi: LtMMtE (+ 



ttM 2003-258113 

av) -ejao*«35 (StonA) *?*-vifsisz?Mi&xm 

[0018] K2\z % *ft»**--y#>:Ji£«-e*c 

^•n^^^T^^tBih^ictT?**. *#ic % *u 

aUt0>**-i?iK:/:7ttBi::j3liTf*, »jftltfite£# 
^ , v ^ y v at ^5 HHtffto fc. c co ^ *v 

[00 19] H2 0(*^-V — ^tKV^SSB* CMOSfS 
&T!XBLfcJ|ftaffiBB-Cfc«. 

[0 0 2 0] C4>KBfltftl*, ©1 9|C^Lfcm^lcS 
fflMOSh7^i?X^M2 f M3 0>RBflKtl::»lSLT 
l**. Pl^SftStei 0<0S®UNM^x;u||jsJ2 O 

fcPH^xMMU 1. 3 2A<»rt**itL^. *L 

X$M2A%fi{$iitl^ 6 PSWx;i,«#3 2rt|z® 

[002 1] P^^x;u^3 1 rtlcfl&tf * ftfcWME 
ilfflMOS h^>vX^M2|COt^TMlcPL<lttB^f 
PMOx;u$|i&3 1 o$ii:N+l0 KU-f >Jf 
D&^V-XiS»*$tltl^ 0 PM0x;UMi^3 

irtlcii. Pfif>xn,flM3 1 <fcyjSSJS(DP+B4 1 
«?HTl^ 0 tUt, KbY>lOtP+l4 1 

[0022] H5KSfflh7>vX^M2(DKl/'f>l 
D <t Hffifc&ffi h ^ > i>7> £ M 2 £ ft*: P MO x 

[0 0 2 3] *fc % NM^X^$Iigt2 Oli^A' — 

y. s*ttficfciNt Ni^ui,a«2 o t pi^x^u 

AM3 1. 3 2^ffi75lfi]/WT7 k $ft^ < fc5lCLTl^ 

So 

[00 2 4] LfrLttt><P> % ±»Lfc«fc3KJ|L— <0Nfi 
Ox^UfB«2 0rtlCtt»<DPa!0x;Ha«3 1 . 32S; 

[0 0 2 5] »«-r*PS!0xjUfi«3 1 . 3 2 

m\z&±v<< vxztmtitzti&o hp*. 020*. ts 

vx^t r 2mmztiZ> 0 ::t\ IKDNPN 



(3) 



(4) 
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7^M20KW>iDT?$>y, *-X(*Pg!^XjU?I 

ia3i-efcy. uu^^i*NS^x;u«i^2 0-c?fc^) O 

[0 0 2 6] &tz % mglOPN P h7>V^^ T r 2 CD 

x ^ $ it p xmi* 3 2 ic * ttfc p + m 4 

2t?*y. ^-XltPS'SliUMO 1 . 3 2M0)NI 

^x;u^2 o-o&y. au**i*pfi^x;u««3 i 

"Cft^o C;h,£><D§£NPN h7>vX^ T r 1 
PNP b?>*JX9T r 2(«i^'JX*Jifilt 

[0 0 2 7] ±aifcBl 9 0)?* — 

V3>V2>vi >A^1EV i n::t\ A^lEv 
i n(*ii#l*vdd (tny? K^/<~CD«35«E£* 

LI*) "Cfc^o V3(*mi5tEiSfflMOS h^>v 

^*M30V- XSE. V2(*m^$EiSfflMOS 
vX$M2CDV — X«E. V 1 lia^tcj^fflMOS 

[0 0 2 8] LJ&*U ^V — ^7K>^@<T)Ji* ) ±/)<y 
B? (#E»^CDgfjteB$) ClI*. V1>V2>V3>Vou 

a^f^CI, C2. C3, C4^?Eiltl^<o 
[0 0 2 9] ^CDjg^. V"1-Vout>VF tU-otzt 
^4PNP h7>VX^T r 2<D^--X • X 5 'V £ M 

r2^t>n. Vf l***— x • xs ^"*|IB 

[0030] :<J)§4PNPh7>vXnr2(Dab 
^$®35l*. S4NPN h7>i/X^ T r 1 CD'*— Xl 

1*<*>U *CDX5-/$ - =1 U^^fel35<«ii-r^o f 
S4NPN h^>vX£T r 11*. StPNP h 
7>V^^ T r 2CDK— X • X5^^rp1S?l5$35LAH 
to*mEVout<Bi]7^tf!GEV 1 «^*SI« 

[003 1] ffl*«EVoutl*±WLfcL*. 
±iSLfcJ:5^S^NPN h7>v^^Tr1tS4P 

NP h7>v^T r 2o>to>vs>mtfytmmt* =7V? 

[0 0 3 2] 02 1IC, ^^-y7K>^B<DKftfflt& 
B*(DV1, V2(D[elKvS3.U-va>|r^*«^E^ 
^to ::t?, v i (im^lciSfflMos h^v^x^M 
2CDKU-f>«E. V2ttaSrKaifflMOS h^V^X 
$M3(D KU^>lEtfc4 0 0lzfcl>T. Vdsl*®£j 
Ie&B? h5>^X^M3(DV— X K ^TAWH-tt? 
tf % Z f ( = fft0. 7 V) .fciJ^^UiNPNh 

[0 0 3 3] *§Z*m±&Ltzft*&m<Dl%Mlzm&T 



[0 0 3 4] *«^cDftfe<?>eMI**®;15cD^v-v7K> 
-C I* @ B T? # o 5 ? ? 7 v y<0 * Rfrit 

[003 5] *SSE<D£ &lC«a>Bttl* % BICMOS 
[0 0 3 6] 

jaTcDiiycfc^o 

[0 0 3 7] ««Mtt1t:9«ttM$tLfe«Rk(D*«ME%ffl 

h7>vx^?ti, saoim^ffl H7>vx^^ 
^#E*Hfcm^mE^tt^-r^^-v--v;7K>^ei3 

fci>r, mi«a^<Dm^s*»(*S«i:. C(D^^ 

*«i*s«±icis^^Htcm2«ms5<Dxe^^ri>^;i, 

c<Dxtf^+v^;u^i*@rtirStr H 1*n 

m i ^mMox;u$s^paiicff^^ti,trm i si®ia#RtJi 
1 ^m^^x^fiiitrtf^^^^Lfccit^^eit^-r^ 

^(Dt?fe^o 

[0 0 3 8] ***1*|*I=J:#U<. ^/nVtK-^K^ 

>vx* i*m i ^mu^si^ic y m^Mi^^si^H^ 
[0039] ^t--tta«t/ifeicfct>T. mmimnmft 

St^liMiaxtf^^-ix^yu - i>'Jzi>S<D$®^f>T^ 

T^SIJlCD±gP!iHt5xe^4rv^^ ■ ^^S^T'M 
[0 0 4 0] ^*«Stl=**ttf. S£ 1 g©l[$«Slf 

[004 1] ^ibic. IMBSl«SM^x;u?ilScDiSaJ 
icfSr^t^JcfJIBT^SIIgcD^/axflir^-XieT^ 
/5K*ttfcmi«aSJ<DS^^@i:. C(DSi6^@rc 

£ffiE*efi^»(*s«A^«ftwi3»«t-r4» 2 mm 

[0 0 4 2]"^4«rtlr < k*ttf % mi»®S<DSgicD 
aftiit^HSKltfeC tic* y ff 1 WM^xjUfMa 

[00 4 3] CtLlC^y, 5y^7^^»ttA<lRl±r 

^>o u^Lmi*m^cDmi<Da^^jicD^/£«t. m 

1 WBSl^x;u«J«|*«HgflifiWtt:«St»iiLrL* 
5CD-C. mia®S}^x;u«|«^S^tejSfflh5>vX 
* <D K U ^ >® t (HiaaicKS L X / < ^ ^7 y- h / W 7 



ftBfl 2003-2581 13 



[0044] ctiKcfcy. mimnm^^Mmzmz 
*«»*flM*»«^6«KMic»«LT. miasms 

^icss-r c t *<v # 5 ic a & 0 

[0 0 4 5] 
KM**. 

[0 0 4 6] pfi#»as/«ju>att[5o±iz*«jaft 

Stlfc. «xtf 1 - 2 5 Q - c m«K<Oittttn;* 6 
NiienvtJl ■ V'J 3>151 iCN^-VtWUSjM 
OSh7>vX^ (NMOS) . P^-Vt^HjMOS h 
7>v^ (PMOS) „ NPNi/\V^-7h7>V 
X* (NPN Tr) A<*#l«P*tOHf«««IC»*4*l 

[004 7] Nf^^HMOSh7>vX^lt 

nf^Hii/ ■ v«j=i>jf 5 i <Dmmz&f$.£titzP 

5 2(D}1g$li^lx.fi2 //mfl^Tfc^o Nft^HM 

os h^i/^x^ttPS^xjUfiKB 2&mzxm£ti 

fcn+SKMViDatfn+lV-^lS, V— h$fe 
&LDD4tjft&LT4»ftl*. £fc C(0Nft^HM 

[004 8] Pf-V^HMOSh7>vX^lt N£J 

os h7>yX^liNl^i^«iia5 4^®ic^fifta?tv 
f-P+SKU^VBD&tf P+Mv-XBS. V— h*6 

[0 0 4 9] PH^XjUfIigt5 2 0)iSffl|CttLr 

^xjutett&^BicD p +MHtf>&^® 5 5 mmzfrx 
8iB-xa-e»rt**i4tttkii-c*y,- p shush 

[0050] ^^>ic. N+&mth&ftms6t><pmmi£ 

^@56li. Pf t^HMOS h7>^X^WfiJ 
^H/rNS0x;U^il|£5 4 0T^b, Nf V^HM 
OS h^>yx*<0»fifc**lfcPl!^XjU«j«5 2<DT 

[00 5 1 ] -fUt>±> % N+MJt#>&*-B5 6ISP+S! 



&*>b 5 6 <7>^tt«!iaffi$ p +mm&>&ftm 5 5 
*si*j:y»<-r4fc. zowmmsiomnmtzi 

3 >lcj:y NS!£ft3 0 
[0 0 5 2] CftlC^y, Pi^liW5 2$ PS* 

JU«(i£H^*-*c£jb<r#4<fc3icftS. ^ttWir 

I*. *(*/W7XfflO>P+H»5 3f=ttttaF*tfc*^B 

GicmESEn^p-r^ctiZcfcy. pffl^xju««5 2<D 

[0 0 5 3] CftlZcfcy , NfV^MOSh7>y 
X£<7> KU-OIDJ PSWx;m*5 2 tm^Mdlg 

d<h^T^4o *<Dtz#>lZl* % Pi&5 3 £ KU-f >® 
Dt*»««E« (0J*l;£A lEIt) *»JfrMxtf«fc 
I*. 

[0 0 5 4] Nf-V^iHMOSh7>yX^lifV- 
v^>^Mlcfcl^r, m^*K&ffih^>^X*£LT 

il/HMOS h5>vx£lii\;b#£ h7>Xvr>a> 

h co a m -h ft a) « mtt £ ipi -t -r £ c t a < t? £ £ 0 

[O 0 5 5] ZZV. *^mnm<DB I CMOSfgitt 

fecDB i CMosaiS^S>*tt-rftii*jaT(Oiiy"efe 

4o tocD^it-e^g] 2 iz-nk-fk o iz % N+mm&b&frm 
moiz)i,$m5 4 0T-fiizm&LTBj&£ti. ^x;ug 

[0 0 5 6] L^Lfc^ib. C(D«iSTMi, N^-V*;U 
IMOS h^>^X^CDP+U^X^IlS5 2I*P+M 

mtb&ttm 55^irp mm&& > u =1 vsffi sot 

[0057] f:t\ *SUS^ffi-ei±N+SJJitoii^.B 

^t^ztlZcfcy. PM^x;u®igK5 2fPi*jgSy 
■J a >Sffi 5 O ^ 6*«»lc#|||-r « J: 5 \z Liz* 
[00 5 8] *tz. NPNi/\V/K-7h7>yX^ 
(NPN Tr) I*. PiS0T^StB5 8. PSO>±# 

JftlfcNUW+y^il • y'j3>B5 1 ftlZ»tiL1* 
tiXl^ 0 P90)T^MIB5 8aPSJ|LtSA*>y=a>S 

5 0 * & P ^ ft i: 05Ftt«5 £±73 SSUrf 
y»***i4. -73. P^co±»iSB5 9l*N^xe^ 
^rv-^jU • *>Ua>B5 1 0±ffi^b?KP >ft if<D^« 
«i*T*tt»t*^i:lc*y»|«*tL*. CftlCcfcy, 

p moTftm® 5 8 (D±gn t p gKDJLftmm 5 9 <dtsp 



(6) 
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[0 0 5 9] fit, ®&Wlc#fii2;ft/rNl2xe$* 

COX 5 7^lE, ^-Xmi$^ l JaiLffla)P+M(iB/)< 
ff*/£$*l&o PSJ^-X^6 0l^|«mLfcNS 

£*->*;u- v'jzi>ll5 1 t PS^JgfivU 3>S|5 
5 0i:(0^^(iN+Sii^^jl6 1 a<ff*/£2;hTl* 

^fctfXDJf-CfctK N+12JItt&^Jf 5 6£(^-X?lT* 

[0 0 6 0] #*>\ Niltf^+vV^- '>«J3>B5 

-f-^hmie 2jWfe/*£;h,Tl^ 0 7<-JUKM 
K62liUW§LOCOS (Local Oxidation Of Si I 
icon) aizj=y^ja$*iri^ic 

[006 1] EJ3I*. liPNP/NV^-^h^^vX 
15 1 <D$® (nisi 6 5A<M*Htl>-5o 

*v-WU- y'Ja>!5 1 (Daffil^^U^^m^^^Ui 

Lm<»p+gime emmtsHxi^o 

[0062] fit, zj U^$S«SfcytfiLffl<7>P+l§ 
P^<D±#ffiB 5 9<tP-XfSrff2j£$*lfr 
Pli6 7^Lt, P+^a^ji^l6 8<t^^+l 

ti^o p+mmtb&**me 8i*=iu^$&fit£ffiiirr 

^/c^COST'fc^o £fc* P+Sitf>^n6 8ClI 
#>&*fjf 6 8 tN+HtoMl6 9 t<0W.E:m®7 O 

Sv'j3>Sfi5 0^^>®&Mir^Si$H^o P+II 

tf>&<*Ji 6 8 £ N +i>Jt#>&*fi 6 9 fclc * 9tll«l 

mos h^^vx^oisii^fsi^^fc^o -f&*>*>. c 

[0063] 04£#RBL&*<*b5 1 *--v#>:7 

3£©<&[sift«j*i*ig 1 9ic?FLf-t(Di:^isr*s>^o * 

*tt»ffi-ei*««l£»fflMOS h7>vX^(DKb^> 
Jf*<£{* (^x;U«iiS) |CJ$^$HTL>^ 0 0 1 

[0 0 6 4] B4(iBl 90)^^ — 



S20>T#SSIf 5 8 . PSCD±»»H5 9|Cj:o-C«5lC 

IftlCC*. P£^XMB«5 2 A. 5 2B/l<MJfht 
L^4. *LT. P&4XJMM6 2 A, 5 2BlcS^|c 
SfflMOSh7>i/X^M2, M3/)^tL-?n^fie$H 
Tl*4. P+WmthjLftm5 5. N+g[iltf>&*Jl5 
6. 1M«5 7CD«ig|COlN-CI*iai <tp«-efe4o 
[0 0 6 5] Sl^teiSfflMOS h7>vX^M2(DKU 
^>!Dlt PM^x;UfIJ|E5 2 AUJ^fig^tif-P+S 
l5 3tAli2«<j:i:-cf^*titlN^o ctvlc^U. 
tm^MOS h^>^X*M2(7)>f-h -Sttfa® 

jEvgb=M2oy- h • Ku-r >p^mavgd, ti^om 

*l£o SiKftE^fflMOS K ^ > £ M 3 ICOINT t fs] 
fflMOS h7>vX^M 1 ~M5 0)*>|gfcirf)Mg3i£;ft 

[006 6] titz. PM^^^m^iB 2 A. 52B(D<& 
*|cP8f* LfcNiie^vtJl, • v'Ja>g5 1 <DS 

^smvoutA^tti^^^c^ic^y. Niienv 

-WU- v'J=i>li5 1 liiEa)JSSlE n Vddlz/W TX* 

[0 0 6 7] n{iT-V-V7K>^S©OIS», 
Vddl**<D®3SimE-Cfe£o PlfgiSfiSO 

(DkTZo ZtllZ&V^ PM^^JV$m5 2 A, 5 2B 

iNne^+vt^ • i/u=j>@5 i t-e^iitsH* 

PN&£. NiienvtJl' • V'j3^@5 1 tPM 

[0 0 6 8] ±i$Lt-cfc5^7 r /NVX«jgrc t t:tv 

[0 0 6 9] m4\Z7f^r£5\z^ |f$NPN h7>vX 
$T r 3M§iPNP h^V^T^T r 4*<ff*fifc*;h 
£o S4NPN h7>vXn r 3CDX5 

l*®^tcSfflMOS h^>^X^M20KL/-r>SD. 

— X!£ PfSOxjUfgJifc 5 2 A % =1U^$ I* NSiCDSg 
«*5 7 (ChliNlie^tvt^* is*) z* I'M 5 1 

±iitta?*vci**> -c«UI$4xto4o S4pn 

P h7>vX^ T r 4<7>X = ^^liPS^x;U$|Ja5 2 
B. ^-XI*^St$4x^NSxtr^^rv^;u • vijn> 
■ 5 1, □ b> jtlt P SOT»*« 5 8 & i; P fi(D±» 

MIB59 (ctib(*psmjaas«5o<hii^*nri^ 

[0070] L^LWbS4NPNh7>vX$Tr 



3tS4PNP h7>vXn r 4<H*T#«£I15 8 & 

[00 7 1 ] ±7fcLtz&mmmX'it. *^8^<D4|5<0t : 
[0 0 7 2] SSrtc&JSMOS h7>vX^jN 

[007 3] tmEMh7>yX^M1-M 

[0 0 7 4] *«Wa)*2<D*Jfi^ffll=«4^ 

l**i<&*fl^tt£ rattle m^ 90)^-v-v7K>^S 

[0 0 7 5] *5SJ£ff*IB*<m 1 <Dfttt9MB£:Mtt«jfi[ 
I*. PH^xjufJfiflt 5 2 A, 5 2B0T»l:P+$ii6 

^■5 5*<*l^». P^^x;Uf|^5 2 A, 5 2 BCD'} 

[0076] me\*. a>mfaw*m\z%h? 

1401 9a>^^-y7K>^««a>*«fl£iSfflMOS h7 

[0 0 7 7] *XH»SAt||ia)miMI£:Att«jK 
14, P M^XjUfSiUc 5 2 A, 5 2 B(7>T^I^P+Mii^> 

[0 0 7 8] N+iIAii^l5 6 

^6»illl*««t-4»*l*}Hifer4^. **tt»BI=-3 
l^rtT»»ll5 9atf±#*li5 9«Hl+fcztlcJ: 
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[0079] »c*»wa>W4a>*«»oicooT. El 

Ic&fflMOS h7>vX^0^- hl:i/^v7 h Ltz 

[0080] fee, *n*fij^fiia)T-v-i;^>^ssa 

[0 0 8 1 ] Emzfclvc. 4 00l^fflMOSh 
7>^M1 -M4l4fi^J»«**lTl^o «T«a)M 
1 X M 2|*N7-*:M'£L &f5£>M3, M4I4P^-V* 

£o M1-M4©y- h ■ Si*raSEVgbI4V— 

h • >MaEVgd^H— (it<kfc£«fc3l::* KU-f 

[0 0 8 2] M 1 COV — X(Cl4A*l®EVin£ L 

>3^6cD*E*EVoutA<ai***t* tSKJIttLtztttt 
[0083] CI, C2, C3l4®*SteatJflMOS 

C 1 -C3<7>te4ffi|C(4^P^<7/^UXC L Kt ZHt®. 

ft<D<?av<?/<)V7,CLKBtf&K\zwiBZtiZ>a ^p 

[0 0 8 4] ®#rtci£JBMOS h7>vX^M UM2 
0«-y-hlrl4SKU^<;Uv^ hlHSSS 1 t S 20)ffi* 

[0 0 8 5] SIeL/^Uv? hlelKs 1 , s 2(D\s\mn 

&Rifmttmmzma\z:7skTo as (a) ics-rj:? 

\z % c©K|8UKjUi/^hBIKl*A*-0/<-* IN 
V. ^IJ)A2)MOS h7>vX^M 1 1 £M 1 2. £ P 
X|iJfi**L^MOS h9>i/X$M 1 3 £M 1 4 tHKH 
X.Z>o £tz* Zht>\zmXXZf)i,7 v7t$1fo£tltzMO 
S h7>vX$M1 5, M1 6^il^-CL>4 0 f LT, 
MOS h7>vX^M1 5<Dy— MClimEV 1 2/)<Hl 



(8) 
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[0 0 8 6] &tz. MOS h7>vX^M 1 6(0^— h 

iciiv i 2<ti84aa)aEv 1 1 tfmimztiztmzy- 

BT'fc^p Ml 1 „ M 1 2 (±N M 1 3— M 

[O0 8 7] H8 (b) iciF-f £51::, ±i$(0« 

fitOJL/^l/V^ hGlttKfcHT* MOS h7>V^^M 
1 5. M1 6^^>/<~^«j«i:*r^)J:5lcSfHLr4, 

[O0 8 8] ±i$L/z««(OJSlEU^Uv^ hE&CDi!) 

fE;£ff2£H!8 (c) ic^-To ccdu^^v^ hlUKlim 

teA^Pnim&B (a>b>ov) ^xsicaj^-rSo 

1. S2tIWfilt «ttA|C^I/7 7^**lfcMO 

s h7>vx^M 1 soy— hie we v 1 1 tfzumz 
eo>y- hi^mJEv 1 2*<fliito*HtLN§jStfe^ (m 

9 (a) ) 0 B9 (b) ICSM"*?^ MOS h 

7>>x^M 1 5. Ml 6S-f $»«)«irurt£ 

[oo89] B9 (c) cowittmmizTjkTr&oiz^ c 

[0090] iaifcWi/^ ^ h[elK^fflu>^ci:(c 

a (2Vdd) l::fij*£c£a<prffi(zfc£ 0 
[o 0 9 1 ] hlalKS 1 % S 2, IESIe 

llcli^n-y^/^XCLK' % J5tnU^;i/->^ hSK 
S 2|Cli^P^^/0^XCLKB , /><A2l£*t£ 0 
^/<;uxclk' <b C L K B' li*^^P^^/<;U7. 
CLKtCLKB^bM$H*/)<, S*5*n2£JBMOS 
h7>vX^M1 -M4l^SiS^ia/7ll-r'i><7)^l»it-r€) 
fettle U+> (Low) (DW<g<^otl^„ 

[0092] -r^t5*». affiteSfflMos b=?^z>*si 

M 1 -M4^±IZ^"^ Lt^b^P'^/^CL K 
£ c l KBiDfcflslCcfc y #*>tf>yy- KttJlEtfr 
7cfc7i:LtU^ 0 ±IH^a^^/^^<7>etlK^I*ia 

1 OlC^^HTt^o 

[009 3] *fc. 07 (C^^nr^^£5l^> JSIkU 



hlslKs 1 a>KftVM0>n» (B&A) tLX 
it. ¥lEE£Htz 1 i5fto)^>e>^y-Ka>mfEV2^ 

[0 0 9 4] fs1«ICStKU^<;Uv^ hSS&S 2(DiS®(i 
fflOWB (SttA) £LTiM££;hfr1&&<7)7tf>e> 

hisis&s i % s 2<ni&n®.m<»mM (isb) t 

LXi*. &®<J)ni£X&Z>Vdd s V 1 A<*^En*0$*tr 
[0 0 9 5] -73. I^6l/'<;UV7 hIUKS3<D<g® 

co7K>e>^/-Komav2^fflixbH^>o ^fc, if 

StnU^Uv? KlHlSS 3. S 4<7>;gm<i<&!itf>®jS <m 
t£A) irLtli, &fS:<D®ET?fc£V 3, Voutrf><** 

[0096] zixP><Dmf£\z&v, mmmmh^isv 

X$M 1 -M4 0>y- h • KU-f VP^SEVgd ( h5> 
vX^rt^^ttfgOB*) lilUTCOtfcy 2 VddlCfil)*.* 

Vgd (M1) = V 2 (High)- Vdd 

Vgd (M2) =V 3 (High)- V 1 (High) 

Vgd (M 3 ) =s V .1 (Low) - V 3 (Low) 

Vgd (M4) =V 2 (Low)-Vout 

V 1 (High) = 2 V d d . V 1 (Low) = Vdd 

V 2 (High) = 3 V d d „ V 2 (Low) = 2 Vdd 

V 3 (High) = 4 V d d „ V 3 (Low) = 3 Vdd. V o u t 
= 4 Vdd 

c*ibO)Sl^b, ±rcDS1SftE^fflMos 

2 VddfcftiCt^W^tt-So Lfc*<oT, RlWgdlc 
cfcym^lniSfflMOS h7>vX^M 1 -M4(0t>S 
tt*<Tft<y. *»*T?*UA«SI[a)^-v— ^TlO^Htt 

A<3tS|-C£6o H^tEi^fflMOS h7>vX^M 

1 ~M 4 (7>y— KKteSSI? (thickness of gate oxide) 

\t-mz2 vdd^zffi^^^^?^|-Kt+t-*^l^fit^(D-e. « 

[cJt^T, (ON-state resistance) 

[0 0 9 7] 

[S1] 



MOSFET 


Ml 


M2 


M3 


M4 


V,d 


2V« 


2V* 


-2Vdd 


-2V« 
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t$B3 2 O O 3 - 2 5 8 1 1 3 



[0 0 9 8] 01 oi*^^-^/K>^laIKcD«ift*lttM 

IESIeU^Uv? hES&S 3 <!: S 4|ZflJ2lQ£ 
tl^^P'^A^XCLK' , CLKB' \£tzl—t-<< 
j!)<5 0%T*(^^tNo -ffc*?*. EllC7F-r e fc5lCP't'(Lo 

MOS h7>V/X^M1 ~M4<D*l'<Dmif\ltm.< ft' 

$M 1 ~M4<a*><D$fc1li&< LT. ^CDSafellC, 
CLK, CLKB££tf:£i*T7K>e>#£froTl* 

[o 1 oo] ©1 1 li^&TKve^yy — KomE 

»V1, V2. V3^^-TElT*fc^o 0<K V0li<7 
P'^/Ol/XCLK' , CLKB* (Dffiffl. A V d s li 
MOS h7>vX^M1-M4<D KU-f > • V — Xram 

[O 1 0 1 ] ;^lz±aiL/i:^^-v7tf>^SMC0 : r/<-< 

-So il 2liS7lc^Lfc^Y-v7K>^©com^*E 
iMfflMOS h7>i>X^M1. M 2 0tSit^^-rUT®El 
0 1 31*0 8 IZ^Lf-JS&U^Uv? h 

S3. S4(?)NiFv^uS!a)IiEMOS 

Ml 1. M1 2(7)^/UX8tit£^Bft@0T!fc£o 
[0 10 2] ^3iLtr«*:3(cSia)ll)ffi^6llzfc^r 

its n +nffitf>&^jf 5 6A<p +aatta^« 5 5 \zm 

• StlTHfe (11, i4#i) 0 ZOtzft. N^-V* 
iHMOS h^V^X^CDV— X KU^>I*I£j5<fc£fI 

it KU-f >ID (fc&lMiV-XBS) <tN+£iit#>& 

*f >Jf D (*4lM*V — XjfS) ^£><D££»;b<N+M 

[0103] ftiz % u<<;uv? hlalKl^ffltNbtt^SI* 
Emos h^>^x£ico^TliW;Ui2 o vfificoy 

[o 1 04] fct, Nue^+i/tJi/ • v'j3>i 

5 1 £i¥<ft*fi£LT, KU-OIBD (fe£i>i*v— Xff 
S) irN+^^y>^®5 6£<7)2§fiiXd (01 #180 



[o 1 o 5] tc-e, **JS»»-ci*Nfixe^*i/v 

v'J3>|5 1 S2l9:(c»g-r^«^ < b:L^ (lit 

psimisavu^vstRsoicoN+s^ii^ 

*) *Y*>»Xj**lc < fcyWALfc«. miCDNUx 
e$*i/^;u • i/'Ja>B5 1 ASStafltftS-fr*. * 
<7>&. P+ittMl5 5. T#8t/f5 8 0)Mf£tl 

B^flffiJ$^^-t±^ e 

[01 0 6] ±ENiS^tttt&tf PSt^tt«att*fija« 
ffitkxa^sMigLrtfii^. i20NSit°^ 

+ VV^ • V'J=I>Jf 5 1 B0)±®^P>^F^^^^> 
&A^Mfttt&H::J:y*AU Pl^xMMs 2 A, 
5 2B. 5 2C«no f^fillzLT. T#« 

158 i:±T^lS)^ii-i*<b$tt^±^8tll5 9S^fife 

[O 1 0 7] ZtllZ&i>) % 01 2^fcfc3lC®^$E^ffi 
MOSh7>vX^M1, M2(Dff^Ii^lCOlxri*. 
P^»t7X;Up|t|t 5 2 A. 5 2 Blim2CDNlJxtf£*v 
V'J3>15 1 Brtl'rj&fiRSJu PlOxMIilJ 
5 2 A. 5 2B0TIZliP+M«i6^@5 5*<SLr 

-wu- y'J^>l5 i BtcD^icgf or^^tt. p 

[0 10 8] Lfc*<oT\ 2Rxtf$*v-WU«jt£j$ 
fflL^CtlCcfcy. P+I1^MI5 5([:N+Iii() 

©?5*Ei£B!MOS h7>v^^M 1 . M2CDKU-T 
>®D (XfiV-XJlS) ^N+ai«)Mi5 6ia) 
&§8txd1£;*;£<-f 6C£a<T?^ V-xKU-OftE 

[0 1 0 9] 01 3 IZ^-f «fc O icSftlEM O S h7^v 

5 2 CI*m2(7)NSJxe$*v-\'M' -y'j3>|5 1B 
rtlc^fig^^x, PS^x;uf|lUt5 2(DTlcli p+Sldf) 

mi oNixe^+vv;i 'v^^isiAiss 

2(DNiie^ + y-v;i/ • v'Ja>l5 1 BtOtil&iZ 
SotM*^ P+IItf)Mi5 5(DTl:N+$!S 



* 



[0 110]*LT\ PS!0x;u«llg£5 2C^lrSWE 
MOS h7>vX*a<ff£fifc£;H5 0 SffitEMOS h^i> 

vx^ii, ssiascov-xgN + stsaacDKu-o 

[0 111] Lfr^oT. 2&xe**v*n*«££& 

&*fl5 6£0>KSflM«<ft<ttLj % *SS<tLTP+£! 
S^^lis 5li±T^Ifi)lci|@/£;ir^fig^n^o Cttfc 
tf>. iSIJEMOS h7>v^^0 KU-OJB (X(*V— 

xi) tN+mmtb&ftms 6t<Dmmx<i2$:*:$<-r 

Z^ttfVZ. v-x Ku^>i*E£ffifih*-£;:<t*<-e 

[0 112] Hl4-Bl6lt 2faxfcf**v-WU • 

&l£0 1 3CD^SStEMOS h7>vX^, SS1 2<DM$j 
gMMOSh7>^X^Ml, M2|C^aiC®ffl-e^ 
3A<, Cd-eiiU 1 3<DlgitEMOS h^>vX£^CD 

[O 1 1 3] ©14 (A) d^f £51^ Pli 

^v'J3>IS5 0(D8®|;, T^^^XteSt^icD 

[O 1 1 4] fit, 014 (B) {ZTTs-t&OlZ. 8M 

1±€>o *0>l5£li 1 -3//mgf, tt&m* 1 ~2Q • 
cmfIJST?fe^)Ci:/)<»^LL> 0 N+S!@5 6 f*m 1 <& 
NglW+i/Vil, ■ V'j=!>|f 5 1 A|Ctffi«**U 

[O 1 1 5] 0 14 (C) iC^^dlC. g1 <D 

Niie^+vv^ • *>un>jf 5 1 A±i^7tx hui?x 

^^ft^At^o *0>*JOiSaEli 1 6 0Ke V. K- 
J*fil*1 * 1 Ol4/cm2fU£T?fc& 0 *-<Bft* 1 00 

o° CT?i^waso>J»ffitt«iai$ff5« 

[O 1 1 6] HI 5 (A) IZ^-r^5U. mi <D 

Nfflxfcr$**/*JU ■ V'J3>@5 1 A±|". S20)N 

.32xtf*4->*;u- v'J^15 1 B$SiffliSS^* 0 

*<7)J5*I*2~4 j/m«@L it&tatel ~ 2 Q - cmfl 

srfc^ct mi* ut^o c*u=j:ij. si0NS?xe 

^^rVVil/ • *>U =J>IB5 1 Atf 2(0NiX^*i/ 

t^«y'Ja>l5lB(t0«Si:|g-Dt, P+£!Jf#> 
MB5 5AM&fifc**l£o PIRIC. Pl!<7>T#8tlf 5 8 

[0 117] jfcir, B1 5 (B) \zirs?&?iz^ 120 
hl9 2^ML, *hUvXh§92j7X^tLt 
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pmo*)i,$ms 2 c<DBf&^%&mzpm*&to. m 

OKeV, K-Xt3xi014/cm2tfcS. f(D 
ft, * hUvX hl9 2£|**U 1 10 0° C-CMB5 
MSS<D^iMfeffl£ff3£* $2(DNSxe^^yt 
;U • i/'j3>S5 1 Brt(cp^^x;U$ilU5 2 cmtrfL 

[0 118] 01 6 (A) iC^-f £51^ «2C0 

N§!xtf$*v-WU • v'JZ3>jf 5 1 B±C:*hUvX 

x. pm<»±#mms QOtim^mmzpM^t&vi. 

4 0KeV. K~XtlxlOl4/cm2tfclio f(D 
ft. * hUvX h!93 SfilSL, 1 10 0° CC1B$ 

m2&<n®M&Wkm£ftok % 01 e cb) ic^-r^a 

IC. Pl2<a±#&|f 5 9MfcM«*;K£o Pl2CD±#StJf 

5 9 ItT ftt&m 5 8 t -Kit tS tl 3 o 

[0 119] I21±0>J:?|C. 2f£xe**v-Wl4gi££ 
mmLtzZk\z& LJ, P+IlttMi5 5i:N+Ii 

a6^H 5 6 t<Dti««)!><« < & u , e$titp + 
mmft&frms sit±T*fo\zmfc\zr*f&ztiz> 0 ctt 

l*lft*-rtttf. cfcU;1g^PM^x;ufii|lt5 2 &BfSt1r& 
^ktfV£Z>kl^5ZkT-foZ> Q SSl^xjUiftSEfl: 
0)tz&h\z&mv&Z> o UBEMOS h7>v 

X*0> KU-f >lf (XI*V-XH) <tN+2>iI#>&*Ji 
5 6 £(7>ffi8t£*;#< ^^Ct*<T?^^C0T*V-X KU 
-T>itEE£ia]±-C£*>o 

[0 12 0] tl5t% iSItEMOS K5>v>X*(7>V 

— xKu*>»E**<^*fctti::i* % 01 3ic^-r<fc 

giSSO K U-f >i N - D ^SSSO K 1/ >i 

SitcDv-xJiN + Scfcy ^<MtM^i'. ku 
-f > (Xiiv-x) />>*0££Ji£/£ifTm#M6*£|g 

[0121] ccoi§£T-t,2f&xe**i>*MSi££*S 

iSJtv— XllN-S) tN+Ii^g5 6 £a>S£8t 
Xd2l**;£<fc£<7>-C v-xK>-f>KE*ftita) 
KWVBN-D (X(*«»JSV-XBN-S) tN + 
£!«#>&<SMI 5 6 t Om<D WE "eft* otL^K^^ 

4. 

[01 22] ccr% g^it-r^v-x KU>f >SHE^: 
xe^^v^^frtcDSi^ico^r^it^^^t. it 

E20V^gfi(!:t^«&, X 1 iDNSie ^+i/«v;U 
• V'J 3>|5 1 AC0H*li2 j/m. ItE30V$g^ 
»1 (ON^Xtf^^i/Y^U ■ v'J=3>@5 
1AOlJli3//m-C$)§ 6 C0>i§-g\ S20Nlie 
^^-V-V;U • V'J=»>®5 1 B(7>B$li3. 5//m<t-T 



(10) 



[0 12 3] ±&Lfc2«xe$*S/*;U|J|jft|* 
A, 52B, 5 2 Cli^<Z>T£CDP+MJI#&^ll5 5 

[0124] mti\£cMos<DPmo*)i'f&mt&Wi<D 
fitr**<; ai^xju$^j4-f5iciiBEa-e*B$Ma>j» 

tttfcftB4<eKl?fe«. 

[0125] chic^lt. 2«xe$4.i/v;nta-e 

• S/'J □ >H5 1 A^&»2(DNaxb!**i/v;i/ • is 
'J=1>15 1 B^ffitfcStK PS->i;U««5 2A$» 
2(DNMXt°^^rVV;U - y'Ja>|5 1 B^6T*^ 

[0 12 6] «*.fi\ ^Ll^^x^H^t^fci') 

le «e*o>cMos^p-bx-ei*j»«ia;aai:Lri 2 
oo 9 ej&^KTfc^oustLr. 2Uti^*^^ 

«iST?l*±ifi(0J:5l=1 100° CfiJtT-eU £0 Ctl 
l-*y. PMOXjUfims 2 A. 52B, 5 2C<Dfit;fr 

[0 1 2 7] HI 7|* % EJ7 ICtfL/c^-V — 
l^tSeifflMOS h7>vX^M1, M2 t M3, 

[0 1 2 8] 2|ftXt°^^v-vM«jtlCfclxr. 12(0 
Nil^+i/t^ • y'j3>i5 1 BC:|*||c % PM't? 
I/HW5 2A, 5 2B. N^^x;UfIHIc8 0 A, 8 0 

Ox;u««|*|«tt«jgilc»lt6nfcPa!(DT»«Jl5 8 
&tfPl!!<D±#8IJf 5 9 \Z± oTfflSfC^Si^ tit I* 

So 

[0 1 29] fit, P$Wx;u««52 AfllZN^-y 
JUffigc 5 2 BrtlCN^-Vt^UCOm^teiUfflMOS 

i/x^M2A<»^*tiri^ 0 N*v*;u<&«ffil£auH 

MOS h7>vX^M1 0>y— hlrliSKU^^Uv^ h 

v7 hEKS 2 0)Ui*«EVS2*<Hi»lSttri^fto * 
fc* N^^^yKDm^fciX^MOS h7>yx>M 1 CD 
KU-f >BliPS^x;i,ffl«5 2 AIC, N^VtWKD® 
^fciJIfflMOS h?>vX^M2(D KU-f >Hl*Pg{0 
XM|«5 2BIC. **l-F*l«*aF*lTt^4. 



(11) M2003-2 58 1 1 3 

[0 13 0] *fc. Nl0x^S«8 0Artl:Pf1-* 

HHL8 0 BP^|CP^-V^;K0Sigftej£fflMOS h7>V 

OS h^>vX^M30)>r-h|c(i^Jg$EUK;ui/^ h 
(slKS 3<Dtfi^aBEV$3A<En»n$^. PfV^KDlS 
Ie&JBMOS K5>vX^M4C0<f — HzlilEJSIsL"* 
MUKS 4 0ttl^®EVS4/)<En/jD^tlTlN-5o 
[0 13 1] tf;, P^^^;K7)S^*Ei^mMOS 
1/VX$M3<Z> Ku-<>^liNM^x;u^8 o Ale 
P^^UO^tc&fflMOS h7>V^^M4(». KU 

^>BliN^0x;u«|i|£8 0B{e ^*i^titi*S**iT 
[0 13 2]**:, P&*ttAi/ a J=]>tt4E5 0WC« 

S E V o u 1 1 c / < << T X £ tt T I t <E> £ f 3 o 

[0 13 3] ±&Ltzmf$.<DT*-Z>7$^Zf&m.lZ&*i 
Its ifiKlffiMOSh7>>X^M1~M40/^»^ 

£So 

[0 13 4] m^fEiUfflMOS h^Vv^X^M 1 

~M4 S-NSfxe^^ix^^U • v'Jzj>Jf5 1 Bfl|Cff2 
fifcU PMCOT^fift^S 8St>*PiyC7)-h^g|B5 9ICJ: 

?m 14 £ ft ±-r « c t a<t # 6 0 

[O 13 5] 

#>ZfmmiZ£tli£ % B I CMOS(D^»|«ii^fl|ffiL 

x*n%to> t -v - v * > £ mm? * c <t a< 
[01 3 6] 

^s^^x^iat^aawicmuiLr. /<^y-h 

im i ] *^B^o)m 1 0>nmf&mzm&*ftfR<DB i c 
m o s a m v u f& * ti /: 1 7 s / nV x is it ^ ^ -r m v & s • 

[02] *^0$1 (DUlfiJ^gll^^B ICMOSft 
W^^Sc^ttfr^/WXffiitS^^EI-efcSo 
[0 3] **W<Z>KlO)*l(S»!Blcfi6*iBtffiPNP/\V 
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